Stomach content analysis and behavioral observations reveal that the horned shrimp Paracrangon echinata is a lie-in-wait predator on smaller organisms, especially amphipods, polychaetes, and caridean shrimp. Prey is detected using the extremely thin third pair of pereiopods, captured with the subchelate first pereiopods, and ingested whole.
INTRODUCTION
Members of Crangonidae are found primarily in temperate and arctic regions of the northern hemisphere. Most are somewhat dorsoventrally flattened forms that bury shallowly in benthic sediments, and have correspondingly reduced rostrums and ornament. The first pair of pereiopods is armed with subchelate claws that are used to capture prey, including smaller crustaceans, bivalves, polychaetes, and even small fish (Pihl and Rosenberg, 1984; Wahle, 1985; van der Veer and Bergman, 1987; Oh et al., 2001) . The second pair of pereiopods typically have small chelae and are used in grooming the gills and body surface (Bauer, 2004) .
One of the more atypical members of the family is the horned shrimp Paracrangon echinata Dana, 1852, found from Port Etches, Alaska to La Jolla, California, in the eastern Pacific and in the Sea of Okhotsk, Sea of Japan to Korea Strait, and Pacific coast of northern Japan southward to Iwate Prefecture (Butler, 1980; Komai and Kim, 2004) . A nonburying form, it has a long, sharp rostrum and is well armed with prominent, acute spines on the carapace and pleon. Even more unusual is the absence of the second pair of pereiopods, a character shared by all six species of this monophyletic genus (Komai and Kim, 2004) . The lack of this grooming appendage is often reflected in a substantial fouling of the exoskeleton with various hydroids, bryozoans, and detritus, material that helps them to blend in with their surroundings.
MATERIALS AND METHODS
Adult P. echinata (postorbital carapace length 10.5-15.0 mm) were collected from Hood Canal, Washington with a beam trawl and from various locations in the San Juan Archipelago with a biological rock dredge, at depths from 20 to 138 m. Although P. echinata are not rare in this region, they do not occur in the high densities typical of many other crangonids, so samples were collected opportunistically over several years. Specimens sacrificed for stomach content analysis were immediately placed in 10% buffered formalin. The cardiac stomach was removed within 48 hours and placed in 70% ethanol. Stomach contents were visually identified to lowest taxonomic classification possible using dissecting and compound scopes.
Live adult specimens were kept in refrigerated (10-12uC) saltwater aquaria for observation and fed live gammarid amphipods and polychaetes.
RESULTS AND DISCUSSION
A total of 64 shrimp were dissected for analysis, and of these nearly two-thirds (63%) had completely empty Paracrangon echinata capturing and consuming a gammarid amphipod. A, The thin, sensory third pair of pereiopods (arrow) are held just above the substrate and used to detect prey; B, The amphipod is grasped with the subchelate first pereiopods; C, D, The prey is subdued using the sharp spine on the propodus of the first pereiopod and manipulated into position for swallowing; E, The amphipod is swallowed whole, and F, visible within the cardiac stomach of the shrimp (arrow).
stomachs. The most frequently observed prey items were gammarid amphipods, followed by caridean shrimp, unidentified crustacean remains, and polychaetes (Fig. 1) . Of the amphipods that could be identified to any extent, several belonged to Haustoriidae, there was one Cyphocaris sp., and one Megamoera sp. All identifiable shrimp were Eualus subtilis Carvacho and Olson, 1984, a very small hippolytid and one of the most common subtidal species in the area. One specimen had eaten two pycnogonids, while another had eaten the first juvenile instar of a spider crab, Hyas lyratus Dana, 1851.
The large proportion of specimens caught with empty stomachs could be indicative of infrequent prey capture, or could be due to regurgitation during the stress of being trawled. In a study of Crangon septemspinosa Say, 1818, Wilcox and Jeffries, (1974) found that prey was reduced to an indecipherable mush within an hour of ingestion; such rapid clearance coupled with sporadic feeding could result in a preponderance of empty stomachs. Differential digestion rates can bias analyses as well, with evidence of hard-shelled animals remaining for much longer than soft-bodied prey. In the case of Paracrangon, polychaete setae may accumulate for some time in the cardiac stomach, as captive specimens in this study were observed regurgitating ''hair balls'' comprised of this material long after the rest of the worm had been digested.
Captive P. echinata were very inactive, remaining in one location and position for hours or even days at a time. The normal posture is shown in Fig. 2A . The anterior region of the carapace was held high and the pleon sharply elevated; when disturbed the flexion becomes even more extreme as the shrimp assumed the defensive ''cataleptic'' position (Butler, 1980) . The extremely slender third pereiopods functioned like antennae, being held nearly parallel to the substrate and used to detect prey. When a small organism contacted these legs it was quickly seized by the subchelate first pereiopods (Fig. 2B ) and moved to the mouth, where it was swallowed whole. Large, active prey was first subdued by repeated spearing with the sharp thumb-like spine on the propodus of the first pereiopod (Fig. 2C) , and then manipulated so that it could be ingested headfirst (Fig. 2D,  E) . Ingested prey was often visible through the translucent carapace of the shrimp (Fig. 2F) .
The shrimp moved slowly and infrequently. When walking the slender third pereiopods were used to investigate the substrate, but they and the subchelate first pereiopod played no role in locomotion. Food encountered this way was sometimes taken, and on one occasion a fragment of green algae (Ulva) was ingested. Unlike more conventional crangonids, e.g., Crangon alaskensis Lockington, 1877 and C. nigricauda Stimpson, 1856, P. echinata was never seen moving in response to food odors.
The second pair of pereiopods in crangonid shrimps is chelate and used in grooming the gills and body surface (Bauer, 2004) . As an exposed, lie-in-wait predator Paracrangon probably benefits from the hydroids and other fouling organisms that recruit to its exoskeleton, so external grooming is probably of little importance. Gill cleaning is still necessary and accomplished by a scaphognathite that is uniquely equipped with long, multidenticulate setae that brush the surfaces of the gills with each beat (Bauer, 1979; pers. obs.) . Paracrangon echinata is thus able to carry out this vital function without showing any external movement that might attract attention from predators or potential prey. Personal observations of the morphologically similar species Rhynocrangon sharpi (Ortmann, 1895) revealed a similar feeding strategy, but the second pereiopods are present in this species and the scaphognathite shows no special modifications.
